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Abstract 
A Photonic Crystal Ring Resonator (PCRR) based Channel Drop Filter is designed using Two Dimensional (2D) 
square lattice PC silicon rods in air host. The normalized transmission spectra for single-ring and dual-ring 
configurations have been investigated by using the 2D Finite Difference Time Domain (FDTD). The filter 
characteristics such as dropping efficiency, resonant wavelength and Q factor are numerically analyzed for single ring 
and dual ring PCRR. It is noted that the dropping efficiency and Q factor of single ring circular PCRR with scatterer 
rod are 100% and 186.75, respectively. The backward dropping is observed in single ring PCRR whereas forward 
dropping are noticed in dual ring PCRR based CDF. The Photonic Band Gap (PBG) with respect to structural 
parameters such as radius of the rod, lattice constant and delta, and propagation modes in periodic structure are 
calculated by Plane Wave Expansion (PWE) Method. 
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1. Introduction 
Generally, ring resonators have received great attention in research community for designing the 
optical devices such as filters, switches, splitters, multiplexer/ demultiplexers, sensors and etc., as it offers 
high spectral selectivity, scalability, narrow channel spacing, efficient wavelength selection, flexible in 
mode design and wide free spectral range [1]. So far, ring resonators have been realized by different 
materials such as low/high index contrast dielectric materials. One of the most promising designs for filter 
is micro-ring resonator. However, their propagation and bending losses are increasing exponentially with 
the reduction of ring radius. Furthermore, the performance is also highly sensitive to the surface 
roughness and the ultra small (nm) gap between the ring resonator and waveguides (bus/drop). The 
aforementioned issues can be limited by Photonic Crystals. 
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Generally, Photonic Crystal (PC) based optical devices have attracted great interest due to their 
compactness, speed of operation, long life and suitability for Photonic Integrated Circuits (PIC). 
Generally, PCs are composed of periodic dielectric or metallo-dielectric nanostructures that have alternate 
low and high dielectric constant materials (refractive index) in one, two or three dimension(s), which 
possesses Photonic Band Gap (PBG), where the transmission of light in certain frequency range is 
absolutely zero. By introducing some defects (point and/or line and/or both) in these structures, the 
periodicity and thus the completeness of the band gap are disturbed and the propagation of light can be 
localized in the PBG region. This can lead to design a PC based optical devices in the PBG region [2-4].  
Optical filter is one of the prominent components in integrated optics and Coarse Wavelength Division 
Multiplexing (CWDM) system because they can act as multiplexer to allow a single or multiple channels. 
Channel Drop Filters (CDF) is used to drop a required channel from the multiplexed channels arriving 
from fiber. PC based CDFs have been designed by introducing point defects and/or line defects [5-7] and 
using PCRR [8-15]. The square lattice based CDFs with square PCRR [8], quasi square PCRR [8-16] and 
hexagonal PCRR [16] are already suggested. 
In this paper, circular PCRR [17] based CDF is designed and it characteristics such as dropping 
efficiency, resonant wavelength and Q factor are investigated for single and dual ring PCRR. The 2D 
FDTD method has been used to obtain the wavelength response of the ADF. The PWE method is the 
most popular method to calculate the band gap of the structure which has been used for calculating the 
PBG with and without introducing any defects.  
 The rest of the paper is arranged as follows:  In Section II, the structure design of circular PCRR is 
presented. Simulation results for single and dual ring PCRR based CDF are discussed in Section III. 
Finally, Section IV concludes the paper. 
2. Photonic Crystal Ring Resonator 
The perfect square lattice PC structure is considered for designing the PCRR based CDF which is 
shown in Fig 1. The total number of rods in ‘X’ and ‘Z’ directions are 21. The radius of the rod is       
0.185 × a, where ‘a’ is the distance between any two nearest rods, called as lattice constant. The dielectric 
constant of the rod is 11.9716 (refractive index, ‘n’ is 3.46), which corresponds to the effective index of 
Si rods. The lattice constant is selected to be 540 nm. Typically, pillar based PCs have several advantages 
such as low out-of-plane losses, low propagation loss, easy fabrication, compatible with classical 
Photonic Integrated Circuits (PICs), and effective single mode operation due to defects based structure. 
Hence, the pillar based PCs are accounted here for designing the CDF [18]. 
 
 
                 Fig.1 Schematic structure of PCRR based CDF. 
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In general, a ring resonator positioned between two optical waveguides provides an ideal basic 
structure for ADF to transfer the power from one waveguide to the other at resonance of the ring. It is 
used to add/drop a channel from the multiplexed input/output signals. The Fig. 1 sketches the CDF based 
on circular PCRR, which consists of two waveguides in horizontal (г-x) direction and a circular PCRR 
between them. The top waveguide is called as bus waveguide where as the bottom waveguide is known as 
dropping waveguide. The input signal port is marked ‘A’ with arrow in the left side of bus waveguide. 
The ports ‘C’ and ‘D’ of drop waveguide are the drop terminals and denoted as forward dropping and 
backward dropping, respectively, while the port ‘B’ of the right side of bus waveguide is defined as the 
forward transmission terminal.  
The bus and the dropping waveguides are formed by introducing line defects whereas the circular 
PCRR is shaped by point defects (i.e. by removing the columns of rods to make a circular shape). The 
circular PCRR is constructed by varying the position of inner rods and outer rods from their original 
position towards center of the origin (г). The inner rods are built by varying the position of adjacent rods 
in the four sides, from their center, by 25%, where as the outer rods are constructed by varying the 
position of the second rod in the four sides, from its center, by 25% in both X and Z directions. The 
position of the rods is varied by varying the lattice constant. To avoid the backward propagation, the 
scatterer rods (‘s’) are placed at each corner of the four sides with half lattice constant. It enhances the 
coupling efficiency also. The rods which are located inside the circular PCRR are called as inner rods 
where as the coupling rods are placed between circular PCRR and waveguides. At resonance, the 
wavelength is coupled into the dropping waveguide from bus waveguide and exits through one of the 
output ports. The coupling and dropping efficiencies are detected by monitoring the power at ports ‘B’ 
and, ‘C’ and ‘D’ respectively. The values which are used to design the PCRR for CDF is obatined and 
optimized through gap map.  
The band diagram in Fig. 2 (a) gives the propagation modes of the structure whose corresponding 
Brillouin zone is also shown. The Brillouin zone is the smallest repeating space in the periodic structure; 
hence the band diagram of single zone is equal to the whole zone. The band diagram shown in Fig. 2 (a) 
has PBG for Transverse Electric (TE) modes whose electric field is parallel to the rod axis. The PC 
structure has a PBG for TE ranges from 0.295 a/λ to 0.435 a/λ whose corresponding wavelength accounts 
from 1241 nm to 1830 nm. The TE PBG region is accounted for further investigation, since it covers the 
second and third window of optical communication.    
 
 
(a)                                                                                                          (b) 
Fig. 2 (a) Band diagram of (a) 1×1 PC and (b) 21×21 PC structure (after the introduction of line and point defects). 
 
The guided modes which are present inside PBG region after introducing line and point defects are 
shown in Fig. 2 (b). It shows there are two modes (even and odd) propagate inside the PBG region which 
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is essential for complete signal transfer from the bus waveguide to drop waveguide through ring resonato 
at resonance. The complete signal transfer will ensure the higher dropping efficiency. The Perfect 
Matched Layer (PML) is placed as absorbing boundary condition [19]. To achieve complete transfer, the 
CDF must satisfy three following conditions (i) the resonator must possess at least two resonant modes, 
each of which must be even and odd, with respect to the mirror plane of symmetry perpendicular to the 
waveguides, (ii) the modes must be degenerate and (iii) the modes must have equal Q [5]. The designed 
CDF satisfies the above said three conditions. 
3. Simulation results and Discussions 
A Gaussian input signal is launched into the input port. The normalized transmission spectra are 
obtained at ports ‘B’, ‘C’ and ‘D’ by conducting Fast Fourier Transform (FFT) of the fields that are 
calculated by 2D FDTD method. The input and output signal power is recorded by power monitors which 
are positioned at the input and output ports.  
3.1. Single ring PCRRs  
Fig. 3 (a) shows the normalized transmission spectra of CDF without using scatterer rods. The resonant 
wavelength and dropping efficiency of the structure are 1497 nm and 97 %, respectively. The Q factor, 
which is calculated as λ/∆λ, equals to almost 108. The dropping efficiency is output power at port ‘D’ to 
input power at port ‘A’. The dropping efficiency is enhanced by scatterer rods which are positioned in the 
each corner of the ring resonator with half lattice constant. The refractive index, radius of the rod is 
similar to the other rods.   
 
    
(a)                                                                                 (b) 
Fig. 3. Normalized transmission spectra of circular PCRR based CDF (a) without and (b) with scatterer rods. 
 
The normalized transmission spectra of CDF with scatterer rods are shown in Fig. 3 (b). The resonant 
wavelength, dropping efficiency and Q factor are 1494 nm, 100 % and 186.75, respectively. It observed 
filter parameters is sufficient to drop a single channel in CWDM System. The inset in Fig. 3 (b) depicts 
the electric field pattern of PCRR based CDF at pass and stop regions at 1494 nm and 1520 nm, 
respectively. At resonant wavelength, λ=1494 nm the electric field of the bus waveguide is fully coupled 
with the ring and reached to output port ‘D’ coined as backward dropping where as at off resonance, 
λ=1525 nm the signal directly reaches the transmission terminal. It is also noted that the resonant 
wavelength of the CDF without and with scatterer rods are different due to the size of the ring resonator. 
The inception of scatterer rods reduces the radius of the ring in turn resonant wavelength of the structure. 
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3. 2. Dual ring PCRRs  
 
By coupling one or more resonators, it is possible to modify the transfer characteristics which are 
obtained by single ring resonator. Hence, the CDF characteristics are further studied for dual PCRRs by 
varying the number of coupling rods between the ring resonators. The number of coupling rods can be 
varied by varying the position of the second ring resonator either up or down directions. The structural 
parameters are similar to the single PCRR, however, the number of rods in ‘X’ and ‘Z’ directions are 29 
and 21, respectively. The series configurations of dual PCRR based CDF is shown in Fig. 4. The coupling 
rods between the two ring resonators are 4 which are denoted by 4R (4 rods).  
 
 
Fig. 4 Schematic structure of dual ring circular PCRR based CDF. 
                    
       (a)          (b) 
Fig. 5. Normalized transmission spectra of dual ring circular PCRR based CDF with the coupling rod between the ring resonator is 
(a) 4R  and (b) 3R.  
 
The normalized transmission spectra of dual PCRR based CDF with 4R and 3R are shown in Figs. 5 (a) 
and 5 (b), respectively. Since the structure has two ring resonators, two resonances occur at different 
wavelengths which are shown in Figs. 5 (a) and 5 (b). The resonant wavelength and dropping efficiency 
of the structure for 4R positioned between two ring resonators is 1497 nm & 1518 nm and 85 % & 96 %. 
Similarly, the resonant wavelength and dropping efficiency for 3R is 1500 nm & 1511 nm 96 % & 80%, 
respectively. In both the cases the forward dropping is achieved. The insets in Figs. 5 (a) and 5 (b) show 
the electric field pattern with different resonance which reveals that the forward dropping is attained due 
to strong coupling when the coupling rod between ring resonator is 3R and 4R. It is also noted that a 
single resonance only obtained, while reducing the coupling rods between the ring resonators i.e., 2R and 
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1R. While reducing the coupling rods, the power coupling from the first PCRR to second PCRR is low 
(weak coupling) in turn reduces the dropping efficiency.      
4.    Conclusions 
The circular Photonic Crystal Ring Resonator based Channel Drop Filter is designed in two 
dimensional square lattice silicon rods to drop a channel for CWDM systems. The resonant wavelength, 
dropping efficiency and Q factor of the single ring PCRR based CDF are 1494 nm, 100 % and 186.74, 
respectively. The forward and backward dropping can be achieved by single and dual ring PCRRs, 
respectively. The dual ring PCRR based CDF provides dual resonance which will be suitable to drop two 
desired channels in the multiplexed channels. Hence, such kind of devices would be more useful for the 
realization of integrated optic circuits for CWDM systems and, future access and metro networking 
applications.  
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